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1
INK LAG COMPENSATION TECHNIQUES

BACKGROUND

The way in which users are able to interact with computing
device is ever increasing. For example, keyboards were origi-
nally provided so that a user could type inputs to a computer.
Cursor control devices (e.g., a “mouse”) were subsequently
developed to enable users to interact with the computing
device via a graphical user interface.

However, these and subsequent techniques that were devel-
oped for user interaction may still have an artificial “look and
feel” to the user. For example, traditional techniques that were
utilized to render ink strokes by a computing device may
encounter an amount of lag between receiving an input (e.g.,
the drawing of a line) and a display of the input (e.g., the line).
Therefore, the user may have a disconnected experience when
drawing a line using traditional ink rendering techniques,
which may make it difficult for the user to interact with the
computing device in this manner.

SUMMARY

Ink lag compensation techniques are described. In imple-
mentations, an input is recognized by a computing device as
an ink stroke to be rendered on a display device of the com-
puting device. An extension is predicted, by the computing
device, to be applied to the ink stroke that is likely to be
subsequently input in conjunction with the ink stroke. The ink
stroke and the extension are output for concurrent display on
the display device of the computing device.

Inimplementations, frame latency for display of frames by
a display device of a computing device is set to a single frame
oflatency. An input is recognized by the computing device as
an ink stroke to be rendered on the display device. The ink
stroke is rendered for display on the display device of the
computing device using the set frame latency.

In implementations, a computing device includes a hous-
ing, a display device disposed on the housing, and one or
more modules disposed within the housing. The one or more
modules are configured to cause operations to be performed
including recognizing an input by a computing device as an
ink stroke provided in conjunction with movement of a stylus
across the display device to be rendered by the display device,
predicting an extension, by the computing device, to be
applied to the ink stroke, and displaying the ink stroke and the
predicted extension on the display device of the computing
device, determining that a subsequent input to continue the
ink stroke does not correspond to the predicted extension, and
replacing the predicted extension with the continuation of the
ink stroke described by the subsequent input.

This Summary is provided to introduce a selection of con-
cepts in a simplified form that are further described below in
the Detailed Description. This Summary is not intended to
identify key features or essential features of the claimed sub-
ject matter, nor is it intended to be used as an aid in determin-
ing the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

The detailed description is described with reference to the
accompanying figures. In the figures, the left-most digit(s) of
areference number identifies the figure in which the reference
number first appears. The use of the same reference numbers
in different instances in the description and the figures may
indicate similar or identical items.
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2

FIG. 1 is an illustration of an environment in an example
implementation that is operable to employ ink lag compen-
sation techniques described herein.

FIG. 2 is an illustration of an example system showing an
ink lag compensation module of FIG. 1 as being implemented
using in an environment where multiple devices are intercon-
nected through a central computing device.

FIG. 3 depicts a system in an example implementation in
which a predictive ink lag compensation technique is
employed to an ink stroke input as a line.

FIG. 4 depicts a system in an example implementation in
which a predictive ink lag compensation technique is
employed to an ink stroke input as a portion of a letter.

FIG. 5 depicts a system in an example implementation in
which a predictive ink lag compensation technique is
employed to an ink stroke input as a portion of a word.

FIG. 6 depicts a system in an example implementation in
which a predicted extension is replaced with an ink stroke
described in a subsequent input received by the computing
device of FIG. 1.

FIG. 7 is a flow diagram depicting a procedure in an
example implementation in which predictive ink lag compen-
sation techniques are employed to reduce lag in rendering of
an ink stroke by a computing device.

FIG. 8 is a flow diagram depicting a procedure in an
example implementation in which ink lag compensation tech-
niques employ setting frame latency of a computing device to
reduce lag.

FIG. 9 illustrates various components of an example device
that can be implemented as any type of portable and/or com-
puter device as described with reference to FIGS. 1-6 to
implement embodiments of the ink rendering techniques
described herein.

DETAILED DESCRIPTION
Overview

Traditional techniques that were utilized to render ink
strokes by a computing device may fail to truly mimic a look
and feel of traditional pen and paper. For example, traditional
techniques that were used to draw ink strokes on a display
device may encounter a significant lag between receipt of an
input describing the ink stroke and display of the ink stroke.
Therefore, the user’s interaction with the computing device
may seem disconnected, which may lead to user frustration.

Ink lag compensation techniques are described. In imple-
mentations, techniques are employed to reduce an amount of
lag in rendering an ink stroke. For example, predictive tech-
niques may be employed to predict a continuation to an ink
stroke based on an input describing the ink stroke. This con-
tinuation may then be rendered with the described ink stroke
from the input to reduce a perceived amount of lag in the
display of the ink stroke. Further, if the predicted continuation
does not match a subsequent input describing the ink stroke,
the prediction may be removed and replaced with the subse-
quent input. A variety of other examples are also contem-
plated, such as to reduce lag through reduction in frame
latency of the computing device. Further discussion of these
examples may be found in relation to the following sections.

In the following discussion, an example environment is
first described that is operable to employ the ink lag compen-
sation techniques described herein. Example illustrations of
the techniques and procedures are then described, which may
be employed in the example environment as well as in other
environments. Accordingly, the example environment is not
limited to performing the example techniques and proce-
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dures. Likewise, the example techniques and procedures are
not limited to implementation in the example environment.

Example Environment

FIG. 1 is an illustration of an environment 100 in an
example implementation that is operable to employ ink lag
compensation techniques. The illustrated environment 100
includes an example of a computing device 102 that may be
configured in a variety of ways. For example, the computing
device 102 may be configured as a traditional computer (e.g.,
a desktop personal computer, laptop computer, and so on), a
mobile station, an entertainment appliance, a set-top box
communicatively coupled to a television, a wireless phone, a
netbook, a game console, and so forth as further described in
relation to FIG. 2. Thus, the computing device 102 may range
from full resource devices with substantial memory and pro-
cessor resources (e.g., personal computers, game consoles) to
a low-resource device with limited memory and/or process-
ing resources (e.g., traditional set-top boxes, hand-held game
consoles). The computing device 102 may also relate to soft-
ware that causes the computing device 102 to perform one or
more operations.

The computing device 102 is illustrated as including an
input/output module 104 disposed within a housing of the
computing device 102. The input/output module 104 is rep-
resentative of functionality relating to inputs and outputs of
the computing device 102. For example, the input/output
module 104 may be configured to receive inputs from a key-
board, mouse, to identify gestures and cause operations to be
performed that correspond to the gestures, and so on. The
inputs may be identified by the input/output module 104 in a
variety of different ways.

For example, the input/output module 104 may be config-
ured to recognize an input received via touchscreen function-
ality of a display device 106 disposed on a housing of the
computing device 102, such as a finger of a user’s hand 108 as
proximal to the display device 106 of the computing device
102, from a stylus 110, and so on. The input may take a variety
of different forms, such as to recognize movement of the
stylus 110 and/or a finger of the user’s hand 108 across the
display device 106, such as a tap, drawing of a line, and so on.
In implementations, these inputs may be recognized as ges-
tures.

Although the following discussion may describe specific
examples of inputs, in instances the types of inputs may be
switched (e.g., touch may be used to replace stylus and vice
versa) and even removed (e.g., both inputs may be provided
using touch or a stylus) without departing from the spirit and
scope thereof. Further, although in instances in the following
discussion the gestures are illustrated as being input using
touchscreen functionality, the gestures may be input using a
variety of different techniques by a variety of different
devices, such as through detection by a camera as part of a
natural user interface (NUI).

The computing device 102 is further illustrated as includ-
ing an ink lag compensation module 112 that is representative
of functionality to apply a variety of different techniques to
render an ink stroke 114, e.g., for display on the display
device 106 of the computing device 102, with reduced lag.
For example, the ink lag compensation module 112 may
utilize techniques to predict a future part of an ink stroke
based on an input describing the ink stroke. This future part
may then be displayed with the ink stroke as an extension of
the ink stroke even before an input is received that describes
this extension. Therefore, the extension may be provided to
reduce perceived lag in the rendering of the ink stroke by the
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computing device. Further discussion of predictive ink lag
compensation techniques may be found in relation to FIGS.
3-7.

The ink lag compensation module 112 may also employ
techniques to reduce lag by reducing frame latency employed
by the computing device 102. For example, modules of the
computing device 102 (e.g., an operating system) may set
frame latency to a value that may introduce additional
amounts of lag. By reducing this value (e.g., by setting frame
latency to a lower value and thus lower latency), the comput-
ing device 102 may render the ink stroke faster and thus
reduce the lag encountered in rendering the input. Further
discussion of frame latency lag compensation techniques
may be found in relation to FIG. 8.

FIG. 2 illustrates an example system 200 that includes the
computing device 102 as described with reference to FIG. 1.
The example system 200 enables ubiquitous environments
for a seamless user experience when running applications on
a personal computer (PC), a television device, and/or a
mobile device. Services and applications run substantially
similar in all three environments for a common user experi-
ence when transitioning from one device to the next while
utilizing an application, playing a video game, watching a
video, and so on.

In the example system 200, multiple devices are intercon-
nected through a central computing device. The central com-
puting device may be local to the multiple devices or may be
located remotely from the multiple devices. In one embodi-
ment, the central computing device may be a cloud of one or
more server computers that are connected to the multiple
devices through a network, the Internet, or other data com-
munication link. In one embodiment, this interconnection
architecture enables functionality to be delivered across mul-
tiple devices to provide acommon and seamless experience to
a user of the multiple devices. Each of the multiple devices
may have different physical requirements and capabilities,
and the central computing device uses a platform to enable the
delivery of an experience to the device that is both tailored to
the device and yet common to all devices. In one embodiment,
aclass oftarget devices is created and experiences are tailored
to the generic class of devices. A class of devices may be
defined by physical features, types of usage, or other common
characteristics of the devices.

In various implementations, the client device 102 may
assume a variety of different configurations, such as for com-
puter 202, mobile 204, and television 206 uses. Each of these
configurations includes devices that may have generally dif-
ferent constructs and capabilities, and thus the computing
device 102 may be configured according to one or more ofthe
different device classes. For instance, the computing device
102 may be implemented as the computer 202 class of a
device that includes a personal computer, desktop computer,
a multi-screen computer, laptop computer, netbook, and so
on.

The computing device 102 may also be implemented as the
mobile 202 class of device that includes mobile devices, such
as a mobile phone, portable music player, portable gaming
device, a tablet computer, a multi-screen computer, and so on.
The computing device 102 may also be implemented as the
television 206 class of device that includes devices having or
connected to generally larger screens in casual viewing envi-
ronments. These devices include televisions, set-top boxes,
gaming consoles, and so on. The ink lag compensation tech-
niques described herein may be supported by these various
configurations of the client device 102 and are not limited to
the specific examples of ink lag compensation techniques
described herein.
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The cloud 208 includes and/or is representative of a plat-
form 210 for content services 212. The platform 210 abstracts
underlying functionality of hardware (e.g., servers) and soft-
ware resources of the cloud 208. The content services 212
may include applications and/or data that can be utilized
while computer processing is executed on servers that are
remote from the client device 102. Content services 212 can
be provided as a service over the Internet and/or through a
subscriber network, such as a cellular or Wi-Fi network.

The platform 210 may abstract resources and functions to
connect the computing device 102 with other computing
devices. The platform 210 may also serve to abstract scaling
of resources to provide a corresponding level of scale to
encountered demand for the content services 212 that are
implemented via the platform 210. Accordingly, in an inter-
connected device embodiment, implementation of function-
ality of the ink lag compensation module 112 may be distrib-
uted throughout the system 200. For example, the ink lag
compensation module 112 may be implemented in part on the
computing device 102 as well as via the platform 210 that
abstracts the functionality of the cloud 208.

Generally, any of the functions described herein can be
implemented using software, firmware, hardware (e.g., fixed
logic circuitry), or a combination of these implementations.
The terms “module,” “functionality,” and “logic” as used
herein generally represent software, firmware, hardware, or a
combination thereof. In the case of a software implementa-
tion, the module, functionality, or logic represents program
code that performs specified tasks when executed on a pro-
cessor (e.g., CPU or CPUs). The program code can be stored
in one or more computer readable memory devices. The fea-
tures of the ink lag compensation techniques described below
are platform-independent, meaning that the techniques may
be implemented on a variety of commercial computing plat-
forms having a variety of processors.

Implementation Examples

FIG. 3 depicts a system 300 in an example implementation
in which a predictive ink lag compensation technique is
employed to an ink stroke input as a line. In this example, an
input is received that describes an ink stroke 302 to be ren-
dered on the display device of the computing device 102. The
input 302 is illustrated as being provided using a stylus 110
although other examples are also contemplated, such as a
finger of the user’s hand 108.

As shown, an end of the ink stroke 302 may be positioned
at a significant distance away from the stylus 110 on the
display device 106 when rendered by the display device 106.
Accordingly, the ink lag compensation module 112 in this
example predicts an extension 304 to be applied to and ren-
dered with the ink stroke 302 described by the input. In this
way, the predicted extension 304 may be displayed before an
input is received which describes an actual continuation of the
ink stroke 302.

The extension 304 may be predicted by the ink lag com-
pensation module 112 in a variety of ways. For example, the
ink lag compensation module 112 may recognize the input
that describes the ink stroke 302 as well as a speed at which
the ink stroke 302 was input. The ink lag compensation mod-
ule 112 may then predict an extension 304 to have a length
that would be drawn in an amount of expected lag by the
computing device 102. In this way, the ink lag compensation
module 112 may reduce and even eliminate perceived lag of
the computing device 102 in detecting and rendering an input,
e.g., the ink stroke. In this example, the extension 304 was
predicted at least in part based on a general direction exhib-
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6

ited by the input that describes the ink stroke 302. A variety of
other techniques may also be employed, such as to employ
heuristics, an example of which may be found in relation to
the following figure.

FIG. 4 depicts a system 400 in an example implementation
in which a predictive ink lag compensation technique is
employed to an ink stroke input as a portion of a letter. In the
illustrated system 400, an input 402 is received by the ink lag
compensation module 112 that describes an ink stroke, which
in this instance is a portion of a letter “E.”

The ink lag compensation module 112 is also illustrated as
employing a heuristic 404 to determine a likely result of the
input 402, which is illustrated as the letter “E” in this
example. Accordingly, the ink lag compensation module 112
may cause the input 402 to be rendered on the display device
106 as ink stroke 406 along with an extension 408 that is
computed using the heuristic 404.

The heuristic 404 may be obtained in a variety of ways. For
example, the heuristic 404 may be stored based on monitored
interaction of users (and even particular users) with the com-
puting device 102. The heuristic 404 may also be preconfig-
ured to describe likely outcomes that are not based on users of
the particular computing device 102, e.g., stored by a manu-
facturer of the computing device, a coder of the ink lag com-
pensation module 112, and so on.

As before, the extension 408 may have a length that corre-
sponds to an expected amount of lag. Therefore, the extension
408 in this example may be used to at least partially “close the
gap” in rendering of input 402 as an ink stroke 406 by the
display device. Although in this example the extension was
formed to complete at least the drawing of a letter, the heu-
ristics may also be employed in a variety of other ways, an
example of which is described in relation to the following
figure.

FIG. 5 depicts a system 500 in an example implementation
in which a predictive ink lag compensation technique is
employed to an ink stroke input as a portion of a word. In the
illustrated system 500, an input 502 is received by the ink lag
compensation module 112 that describes an ink stroke. In this
example, the input 502 describes a collection of letters, e.g.,
“Eleano.”

The ink log compensation module 112 in this example
leverages a heuristic 504 that is chosen by the ink lag com-
pensation module 112 for a word that is likely to be intended
by the input 504, which is illustrated as “Eleanor” in this
example. Accordingly, the ink lag compensation module 112
may predict an extension 506 in this instance that includes at
least part in another letter in the word based on previous
letters in the word. As before, the extension 506 may be based
at least in part on a speed of the input, e.g., how fast the letters
“Eleano” of the input 502 were drawn using the stylus 110.
Although alphabetic characters have been described in rela-
tion to FIGS. 4 and 5, it should be readily apparent that a wide
variety of other characters (e.g., non-alphabetic characters)
and other objects may also be utilized to predict the extension.

FIG. 6 depicts a system 600 in an example implementation
in which a predicted extension is replaced with an ink stroke
described in a subsequent input received by the computing
device 102 of FIG. 1. The system 600 is illustrated through the
use of first, second, and third stages 602, 604, 606. At the first
stage 602 an input is shown as rendered as an ink stroke 608.
An extension 610 that was predicted for the input is also
rendered by the display device 106.

As shown by the positioning of the stylus 110 in the first
stage 602, however, the extension 610 does not correspond to
a subsequent position of the stylus 110. Accordingly, in the
second stage 604 the extension is replaced with an ink stroke
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612 that is described in the subsequent input. In this way, the
ink lag compensation module 112 may adjust the predicted
extension to “line up” with actual inputs. The ink lag com-
pensation module 112 may further predict an extension 614
based on the subsequent input 612 as well as previously
inputs, e.g., the portion of the ink stroke 608 rendered initially
in the first stage 602. This process may continue as illustrated
by the third stage 606 to render additional inputs and pre-
dicted extensions for the ink stroke, which is made up of ink
strokes 608, 612, and 616. Thus, the ink lag compensation
module 112 may predict and correct predicted extensions to
reduce perceived lag of the computing device 102 to render
inputs, further discussion of which may be found in relationto
the following procedures.

Example Procedures

The following discussion describes ink lag compensation
techniques that may be implemented utilizing the previously
described systems and devices. Aspects of each of the proce-
dures may be implemented in hardware, firmware, or soft-
ware, or a combination thereof. The procedures are shown as
a set of blocks that specify operations performed by one or
more devices and are not necessarily limited to the orders
shown for performing the operations by the respective blocks.
In portions of the following discussion, reference will be
made to the environment 100 of FIG. 1 and the systems
200-600 of FIGS. 2-6.

FIG. 7 depicts a procedure 700 in an example implemen-
tation in which predictive ink lag compensation techniques
are employed to reduce lag in rendering of an ink stroke by a
computing device. An input is recognized by a computing
device as an ink stroke to be rendered on a display device of
the computing device (block 702). For example, the input
may be detected using touchscreen functionality of the com-
puting device 102 to detect movement of a finger of a user’s
hand 108, a stylus 110, and so on. Other examples are also
contemplated, such as to detect movement using a camera as
part of a natural user interface (NUI).

An extension is predicted, by the computing device, to be
applied to the ink stroke that is likely to be subsequently input
in conjunction with the ink stroke (block 704). For example,
an extension may be predicted based on a likely direction of
the stylus 110 in drawing a line, using heuristic techniques to
determine a likely result of the input (e.g., a character or other
object), and so on. As previously described, a length of the
extension may be based at least in part on a speed of the input.

The ink stroke and the extension are output for concurrent
display on the display device of the computing device (block
706). For example, the display device 106 may display the ink
stroke 608 and the extension 610.

A determination is made that a subsequent input to con-
tinue the ink stroke does not correspond to the predicted
extension (block 708). As shown in FIG. 6, for instance, the
stylus 110 is illustrated as going down rather than to the right
as predicted by the ink lag compensation module 112.

The predicted extension is replaced, by the computing
device, with the continuation of the ink stroke described by
the subsequent input (block 710). Continuing with the previ-
ous example, the extension 610 may be replaced with an ink
stroke 612 that corresponds to the subsequent input. Another
extension is also predicted based on the input and the subse-
quent input (block 712). The other extension 614 that was
predicted may be rendered with the ink stroke 612 to again
reduce perceived lag.

Accordingly, the ink stroke, the continuation, and the pre-
dicted other extension are output for concurrent display on the
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display device of the computing device (block 714). This
procedure 700 may continue for additional ink stroke to again
reduce and even remove lag perceived by a user in the ren-
dering of an input by the display device 106 of the computing
device 102. Other techniques may also be employed to reduce
perceived lag, an example of which may be found in relation
to the following figure.

FIG. 8 depicts a procedure 800 in an example implemen-
tation in which ink lag compensation techniques employ set-
ting frame latency of a computing device to reduce lag. In
some instances, other modules of the computing device 102
(e.g., an operating system, display device driver, and so on)
may set a frame latency for the display device 106. Accord-
ingly, this frame latency may introduce additional perceived
lag in the rendering of an ink stroke and other elements by the
display device 106.

Accordingly, in an implementation frame latency for dis-
play of frames by a display device of a computing device is set
to a single frame of latency (block 802). For example, the ink
lag compensation module 112 may assume control of the
display device 106 using a full screen exclusive mode and set
the frame latency to one on a scale of one of twenty frames of
latency. Therefore, at a sixty frames per second rate, per-
ceived lag may be reduced by about thirty three milliseconds.
Therefore, for an input recognized by the computing device
as a ink stroke to be rendered on the display device (804), the
ink stroke is rendered for display on the display device of the
computing device using the set frame latency (block 806). In
this way, the perceived lag may at least partially “catch up” in
comparison with traditional frame latency rates of three or
more that are typically employed by operating systems and so
on.

Example Device

FIG. 9 illustrates various components of an example device
900 that can be implemented as any type of portable and/or
computer device as described with reference to FIGS. 1 and 2
to implement embodiments of the gesture techniques
described herein. Device 900 includes communication
devices 902 that enable wired and/or wireless communication
of device data 904 (e.g., received data, data that is being
received, data scheduled for broadcast, data packets of the
data, etc.). The device data 904 or other device content can
include configuration settings of the device, media content
stored on the device, and/or information associated with a
user of the device. Media content stored on device 900 can
include any type of audio, video, and/or image data. Device
900 includes one or more data inputs 906 via which any type
of data, media content, and/or inputs can be received, such as
user-selectable inputs, messages, music, television media
content, recorded video content, and any other type of audio,
video, and/or image data received from any content and/or
data source.

Device 900 also includes communication interfaces 908
that can be implemented as any one or more o\f a serial and/or
parallel interface, a wireless interface, any type of network
interface, a modem, and as any other type of communication
interface. The communication interfaces 908 provide a con-
nection and/or communication links between device 900 and
a communication network by which other electronic, com-
puting, and communication devices communicate data with
device 900.

Device 900 includes one or more processors 910 (e.g., any
of microprocessors, controllers, and the like) which process
various computer-executable instructions to control the
operation of device 900 and to implement embodiments of a
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touch pull-in gesture. Alternatively or in addition, device 900
can be implemented with any one or combination of hard-
ware, firmware, or fixed logic circuitry that is implemented in
connection with processing and control circuits which are
generally identified at 912. Although not shown, device 900
can include a system bus or data transfer system that couples
the various components within the device. A system bus can
include any one or combination of different bus structures,
such as a memory bus or memory controller, a peripheral bus,
a universal serial bus, and/or a processor or local bus that
utilizes any of a variety of bus architectures.

Device 900 also includes computer-readable media 914,
such as one or more memory components, examples of which
include random access memory (RAM), non-volatile
memory (e.g., any one or more of a read-only memory
(ROM), flash memory, EPROM, EEPROM, etc.), and a disk
storage device. A disk storage device may be implemented as
any type of magnetic or optical storage device, such as a hard
disk drive, a recordable and/or rewriteable compact disc
(CD), any type of a digital versatile disc (DVD), and the like.
Device 900 can also include a mass storage media device 916.

Computer-readable media 914 provides data storage
mechanisms to store the device data 904, as well as various
device applications 918 and any other types of information
and/or data related to operational aspects of device 900. For
example, an operating system 920 can be maintained as a
computer application with the computer-readable media 914
and executed on processors 910. The device applications 918
can include a device manager (e.g., a control application,
software application, signal processing and control module,
code that is native to a particular device, a hardware abstrac-
tion layer for a particular device, etc.). The device applica-
tions 918 also include any system components or modules to
implement embodiments of the gesture techniques described
herein. In this example, the device applications 918 include
an interface application 922 and an input/output module 924
(which may be the same or different as input module 114) that
are shown as software modules and/or computer applications.
The input/output module 924 is representative of software
that is used to provide an interface with a device configured to
capture inputs, such as a touchscreen, track pad, camera, and
so on. Alternatively or in addition, the interface application
922 and the input/output module 924 can be implemented as
hardware, software, firmware, or any combination thereof.
Additionally, the input/output module 924 may be configured
to support multiple input devices, such as separate devices to
capture touch and stylus inputs, respectively. For example,
the device may be configured to include dual display devices,
in which one of the display device is configured to capture
touch inputs while the other stylus inputs.

Device 900 also includes an audio and/or video input-
output system 926 that provides audio data to an audio system
928 and/or provides video data to a display system 930. The
audio system 928 and/or the display system 930 can include
any devices that process, display, and/or otherwise render
audio, video, and image data. Video signals and audio signals
can be communicated from device 900 to an audio device
and/or to a display device via an RF (radio frequency) link,
S-video link, composite video link, component video link,
DVI (digital video interface), analog audio connection, or
other similar communication link. In an embodiment, the
audio system 928 and/or the display system 930 are imple-
mented as external components to device 900. Alternatively,
the audio system 928 and/or the display system 930 are imple-
mented as integrated components of example device 900.

CONCLUSION

Although the invention has been described in language
specific to structural features and/or methodological acts, it is
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to be understood that the invention defined in the appended
claims is not necessarily limited to the specific features or acts
described. Rather, the specific features and acts are disclosed
as example forms of implementing the claimed invention.

What is claimed is:

1. A method comprising:

recognizing an input by a computing device as a free-style

hand-written ink stroke to be rendered on a display
device of the computing device;
predicting, by the computing device, an extension of the
free-style hand-written ink stroke based on one or more
heuristics as determined from monitored interactions of
a user of the computing device and previous inputs rec-
ognized by the computing device, the extension of the
free-style hand-written ink stroke predicted to be
extended from the free-style hand-written ink stroke that
is likely to be subsequently input in conjunction with the
input of the free-style hand-written ink stroke; and

outputting the ink stroke and the extension for concurrent
display on the display device of the computing device,
the extension displayed as a continuation of the free-
style hand-written ink stroke to compensate for a lag in
displaying the free-style hand-written ink stroke on the
display device.

2. The method as described in claim 1, wherein a length of
the extension is calculated to compensate for the lag in a
display of the free-style hand-written ink stroke on the display
device by the computing device.

3. The method as described in claim 2, wherein the length
of'the extension is based at least in part on a speed exhibited
in providing the input.

4. The method as described in claim 1, wherein the free-
style hand-written ink stroke is input through use of a stylus
and detected by the computing device using touchscreen
functionality.

5. The method as described in claim 1, wherein the pre-
dicting is based on using the one or more heuristics that
leverage the previous inputs recognized by the computing
device, the one or more heuristics that were preconfigured to
describe likely outcomes, or the one or more heuristics that
were stored by the manufacturer.

6. The method as described in claim 1, wherein the pre-
dicting includes determining that the free-style hand-written
ink stroke describes at least a portion of the character and the
extension includes at least a part of the character that has yet
to be input.

7. The method as described in claim 1, wherein the pre-
dicting includes determining that the free-style hand-written
ink stroke describes at least a portion of the word and the
extension includes at least a part of the word that has yet to be
input.

8. The method as described in claim 7, wherein the part of
the word includes a portion of a next letter in the word.

9. The method as described in claim 1, wherein the pre-
dicting includes determining that the free-style hand-written
ink stroke describes at least a portion of a particular object
that has been input previously and the extension includes at
least a part of the object that has yet to be input.

10. The method as described in claim 1, further compris-
ing:

determining by the computing device that a subsequent

input to continue the free-style hand-written ink stroke
does not correspond to the predicted extension; and
replacing the predicted extension, by the computing
device, with the continuation of the free-style hand-
written ink stroke described by the subsequent input.
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11. The method as described in claim 10, further compris-
ing:

predicting another extension based on the input and the

subsequent input; and

outputting the free-style hand-written ink stroke, the con-

tinuation, and the predicted other extension for concur-
rent display on the display device of the computing
device.

12. A method comprising:

setting an adjustable frame latency for display of frames by

a display device of a computing device to a single frame
oflatency, the frame latency adjusted for a perceived lag
between receiving an input by the computing device and
displaying the input by the display device;

recognizing an input by the computing device as a free-

style hand-written ink stroke to be rendered on the dis-
play device; and

rendering the free-style hand-written ink stroke for display

on the display device of the computing device using the
set frame latency; and

predicting an extension of the free-style hand-written ink

stroke that is likely to be subsequently input in conjunc-
tion with the input of the free-style hand-written ink
stroke.

13. The method as described in claim 12, wherein the
setting includes entering a full screen exclusive mode for
control of the display device.

14. The method as described in claim 13, wherein the full
screen exclusive mode bypasses operating system control of
the frame latency.

15. The method as described in claim 12, wherein the
free-style hand-written ink stroke is detected using touch-
screen functionality of the computing device.

16. The method as described in claim 12, wherein the
free-style hand-written ink stroke is detected via a natural
user interface (NUI) using a camera.

17. A computing device comprising:

a housing;

a display device disposed on the housing; and

one or more modules disposed within the housing, the one

or more modules configured to cause operations to be
performed comprising:
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recognizing an input by a computing device as a free-
style hand-written ink stroke provided in conjunction
with hand-written movement of a stylus across the
display device to be rendered by the display device;

predicting an extension of the free-style hand-written
ink stroke based in part on one or more heuristics and
a speed of the input as determined by the one or more
modules, the extension of the free-style hand-written
ink stroke predicted to be extended from the free-style
hand-written ink stroke;

setting an adjustable frame latency for display of frames
by the display device to a single frame of latency, the
frame latency adjusted for a perceived lag between
recognizing the input and displaying the free-style
hand-written ink stroke;

displaying the free-style hand-written ink stroke and the
predicted extension on the display device of the com-
puting device using the set frame latency;

determining that a subsequent input to continue the free-
style hand-written ink stroke does not correspond to
the predicted extension; and

replacing the predicted extension with the continuation
of the free-style hand-written ink stroke described by
the subsequent input as hand-written.

18. The computing device as described in claim 17,
wherein the input and the subsequent input are detectable
using touchscreen functionality of the computing device that
is implemented using the one or more modules.

19. The computing device as described in claim 17,
wherein the modules are further configured to cause opera-
tions to be performed comprising:

predicting another extension based on the input and the

subsequent input; and

displaying the free-style hand-written ink stroke, the con-

tinuation, and the predicted other extension for concur-
rent display on the display device.

20. The computing device as described in claim 17,
wherein the predicting includes determining that the free-
style hand-written ink stroke describes at least a portion of the
character and the extension includes at least a part of the
character that has yet to be input.
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